Mortality and morbidity occur commonly following emergency laparotomy, and incur a considerable clinical and financial healthcare burden. Limited data have been published describing the postoperative course and temporal pattern of complications after emergency laparotomy. We undertook a retrospective, observational, multicentre study of complications in 1139 patients after emergency laparotomy. A major complication occurred in 537/1139 (47%) of all patients within 30 days of surgery. Unadjusted 30-day mortality was 20.2% and 1-year mortality was 34%. One hundred and thirty-seven of 230 (60%) deaths occurred between 72 h and 30 days after surgery; all of these patients had complications, indicating that there is a prolonged period with a high frequency of complications and mortality after emergency laparotomy. We conclude that peri-operative, enhanced recovery care bundles for preventing complications should extend their focus on continuous complication detection and rescue beyond the first few postoperative days.
Introduction
Emergency laparotomy is associated with high rates of mortality and postoperative complications, as well as prolonged hospital stay [1] [2] [3] [4] [5] [6] . There is considerable heterogeneity in patient factors, underlying pathology and surgical procedures, but perforated viscus, intestinal obstruction, bowel ischaemia and haemorrhage are common [4] . Compared with other acute surgical emergencies, patients undergoing emergency laparotomy have a disproportionately high mortality [7] in younger, fitter patients [8] as well as older, sicker patients [9] . Thirty-day mortality is approximately 45% and complication rates approximately 70% in octogenarians [9, 10] . The number of elderly patients undergoing emergency surgery is increasing, and initiatives aimed at improving complication-free survival are urgently needed [11, 12] .
Despite the effectiveness of care bundles in improving outcomes after surgery, there is limited standardisation of these after emergency laparotomy [13, 14] . Intervention/outcome studies are ongoing [15] , but are focusing primarily on the immediate peri-operative period up to 72 h after surgery. It remains uncertain when death and complications occur after emergency laparotomy, which makes effective targeting of appropriate interventions difficult.
We designed this retrospective, observational cohort study to investigate the timing and frequency of postoperative complications and mortality after emergency laparotomy, in order to optimise the temporal design of future enhanced recovery bundles beyond 72 h after surgery in this vulnerable patient group.
Methods
We collected data on all patients > 17 years requiring emergency laparotomy or laparoscopy from four emergency surgical centres (covering 1.62 million inhabitants) in the Capital Region of Denmark between January 1 and December 31, 2012.
The study was approved by the Danish Data Protection Agency and the Danish Health and Medicines Authority. In accordance with Danish law, the study did not require informed patient consent. The manuscript was prepared according to the Strengthening the Reporting of Observational studies in Epidemiology (STROBE) statement [16] .
We did not study patients requiring appendectomy; diagnostic procedures; cholecystectomy; simple herniotomy without bowel resection; subacute internal herniorraphy after Roux-en-Y gastric bypass surgery; subacute surgery for inflammatory bowel disease; and subacute colorectal cancer surgery. We did not study pregnant women; polytrauma; and patients with urogenital, gynaecological and vascular pathology, except for mesenteric ischaemia. Operations were categorised as either primary or re-operation after elective surgery. Re-operation within 30 days after emergency surgery was recorded as a complication. Patients undergoing more than one surgery were categorised by their initial procedure.
Patients were identified by manual, systematic screening of data recorded on the common electronic operation booking system used in all participating hospitals (Orbit; EVRY Healthcare Systems AB, Malm€ o, Sweden). Additional data were retrieved from linked electronic patient record systems, the Danish Anaesthesia Database (DAD) and the Danish Civil Registration System (CRS) [17] . Written patient records were examined manually to identify all complications occurring within 30 days after surgery.
The following variables were recorded: comorbidities; type of surgery (primary/re-operation, laparotomy/laparoscopy and specific procedure); date of surgery; radiology performed before the operation; patient performance status using the ECOG/WHO/ Zubrod score [18] (0, normal activity, no restrictions; 1, symptomatic, restrictions in strenuous activity; 2, spending up to 50% waking hours in bed; 3, spending more than 50% waking hours in bed, but not bedbound; 4, bedbound); pre-operative sepsis score [19] (0, no sepsis; 1, systemic inflammatory response syndrome (SIRS); 2, sepsis; 3, severe sepsis; 4, septic shock); ASA physical status; duration of surgery; epidural analgesia administration; duration of postoperative ICU stay; documented complications (ClavienDindo Classification (CDC) grades 2-5 [20] ); inpatient length of stay; and date of death. Mortality data were reconfirmed on 1 January 2015.
All data collectors underwent educational training sessions to ensure complications were recorded in a standard manner using the Clavien-Dindo classification. We evaluated the consistency of complication recording accuracy in a random sample of 30 patients, and found no important differences in classification. We aggregated CDC grade 3a and 3b to '3', and 4a and 4b to '4'. Organ dysfunction was recorded as a complication only if it developed during or after surgery.
We analysed the cohort further in two subgroups, 'early death' (≤ 72 h after surgery) and 'initial survivors' (died between 72 h and 30 days after surgery), to determine whether there were any significant differences between groups. 
Results
We identified 1139 patients who fulfilled our inclusion criteria during the study period. Thirty-day mortality varied between 16.8 and 23.1% in the four reporting hospitals. Cohort mortality was 20% at 30 days, 26% at 90 days and 34% at 1 year. Table 1 summarises mortality differences between cohorts with regard to patient and surgical factors.
The time pattern of complications among 137 initial survivors is shown in Fig. 1 . In total, 3146 complications were recorded within 30 days after surgery; 813/1139 (71%) of the patients had at least one complication, 537/1139 (47%) had a major complication (CDC grade ≥ 3, and 2017/3146 (64%) of complications occurred between 72 h and 30 days after surgery. time course of cardiopulmonary complications is shown in Fig. 2 .
Epidural analgesia was administered to 162 (14.2%) patients. Pre-operative administration of antibiotics was documented for only 532 (47%) patients.
A Kaplan-Meier survival analysis of the 813 (71%) with and 326 (29%) without complications after emergency laparotomy is shown in Fig. 3 .
Discussion
We found that the majority (64%) of complications within 30 days of emergency laparotomy occur more than 72 h after surgery. However, we also found that the majority (60%) of patients who die within 30 days of surgery survive the first 72 postoperative hours. These findings suggest that there may be a considerably longer postoperative critical period after emergency laparotomy than the first 72-h period on which enhanced recovery pathways have traditionally focused. The 30-day mortality rate of 20.2% and CDC grade ≥ 3 complication rate (re-operation, ICU stay, or death) of 47% are among the highest reported, but may reflect our exclusion of lower-risk emergency procedures, such as simple hernia repairs without resection and gallbladder disease, in comparison with other studies of emergency surgery [5, 21] . Variation in 30-day mortality between the four reporting hospitals (16.8-23 .1%) was less than that reported by Saunders et al. in 35 UK NHS hospitals (3.6-41.7%) [1] .
A relative strength of this study, compared with others [10, 22, 23] , is the inclusion of reliable 1-year mortality data. However, the lack of consensus on how to report and classify complications makes other comparisons between existing studies difficult. Previously, the Clavien-Dindo classification has been applied in only one (retrospective) cohort study of emergency surgery patients [24] .
More so than pre-operative patient risk factors, complications are associated with postoperative death after major elective surgery [25] . Hospitals with high mortality rates after vascular or emergency general surgery are less like to rescue complications compared with hospitals with low mortality rates [26] . In common with Howes' et al.'s study of 144 patients, we found that infectious, pulmonary and gastrointestinal complications were the commonest categories of complications after emergency laparotomy [6] . Cardiovascular complications were relatively common (8.3%), and may predict both length of inpatient stay and mortality [6] .
Pulmonary complications are potentially modifiable by surgical and anaesthetic techniques. Epidural analgesia, which is recommended in enhanced recovery protocols for open colonic resection [27] , decreases the risk of respiratory complications compared with systemic analgesia for patients undergoing open abdominal and thoracic surgery [28] . It is disappointing therefore that only 14.2% of our cohort had epidural analgesia, even though 90% of patients underwent laparotomy.
None of the four hospitals included stroke volume-guided haemodynamic optimisation as a standard of care [29, 30] , general documentation of early resuscitation was poor and ICU admission rates were relatively low (24%), indicating lack of standardised practice in this high-risk surgical population and the need for a national multidisciplinary quality improvement program, similar to that developed in the UK [31] . Among the sub-group of early deaths (< 72 h), analysis of Clavien-Dindo complications is of questionable value since these occur during a period of pronounced organ instability. Patients dying early were of similar age but had higher ASA physical status than the initial survivors. However, only 38% of patients dying early were admitted to the ICU, although this may indicate that patients died during surgery or that a decision was made to withdraw active treatment (e.g. 26% of this subgroup had generalised mesenteric ischaemia).
In conclusion, our data indicate that Danish hospitals lack standardised care protocols for patients undergoing emergency laparotomy, and that enhanced recovery in the postoperative period should extend beyond 72 h after surgery, in order to definitively reduce complication rates and improve survival.
